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Abstract

Objectives: Angiotensin II type 1 receptor antagonists (angiotensin receptor blockers [ARBs]) have been
shown to be effective and well tolerated in hypertensive patients. Olmesartan is the seventh angiotensin
receptor blocker licensed by the US Food and Drug Administration. The aim of this meta-analysis was to
determine the efficacy and tolerability of olmesartan medoxomil in comparison with other ARBs.

Data Sources: Reports of randomized controlled trials (RCTs) of olmesartan versus other ARBs were
identified through a systematic search of PubMed (up to July 2010), EMBASE (1980 to July 2010), SinoMed
(up to July 2010), and the Cochrane Central Register of Controlled Trials (Cochrane Library Issue 7, 2010).
Review Methods: Pertinent studies were selected through extensive searches of PubMed, EMBASE, Co-
chrane Central Register of Controlled Trials, and SinoMed. Two of the authors abstracted data from the
identified studies independently. Criteria for inclusion in our meta-analyses were randomized clinical trials
in which patients were receiving an ARB and outcome data for blood pressure reduction or the incidence of
adverse events were available. Quantitative and qualitative analyses of data from all RCTs meeting the
criteria were performed. Our meta-analysis was undertaken according to the Quality of Reporting Meta-
analyses (QUOROM) statement.

Results: Twenty-two studies with data from 4892 patients were considered for analyses. Olmesartan pro-
vided greater diastolic blood pressure (DBP) and systolic blood pressure (SBP) reductions compared with
losartan (DBP: 95% confidence interval [CI] 0.59, 2.62; SBP: 95% CI 0.46, 5.92). Olmesartan provided
greater SBP reductions compared with valsartan (95% CI 0.29, 3.16). Similar blood pressure response rates
and incidence of adverse events were found with losartan, valsartan, candesartan, and irbesartan.
Conclusion: Olmesartan provides better antihypertensive efficacy than losartan and valsartan and has no
association with an increased risk of adverse events in comparison with losartan, valsartan, candesartan, and
irbesartan.
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Introduction

Hypertension is considered to be the leading risk factor for
death in the world, causing an estimated 7.5 million deaths per
year (13% of all deaths).l'! Relationships between elevated
blood pressure (BP) levels and cardiovascular disease, stroke,
and renal failure have consistently been found.[?! Therefore,

lowering BP is crucial in terms of prevention of end-organ
damage for hypertensive patients.’!

The renin-angiotensin-aldosterone system (RAAS) is a
major modulator of BP and an important therapeutic target in
the treatment of hypertension.[* By binding to the angiotensin
type 1 (AT)) receptor, angiotensin II type 1 receptor antagon-
ists (angiotensin receptor blockers [ARBs]) that inhibit RAAS
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have been shown to be effective and well tolerated among the
different therapeutic classes of antihypertensive agents.[

Olmesartan medoxomil is the seventh ARB licensed for the
treatment of hypertension by the US Food and Drug Admin-
istration (FDA), in 2002.1%71 Extensive clinical evidence has
confirmed the antihypertensive efficacy and good tolerability
profile of olmesartan.’] However, the efficacy and safety of
olmesartan in comparison with other sartans (e.g. losartan and
valsartan) are controversial. For example, Giles et al.[®¥l re-
ported that olmesartan was superior to valsartan in BP control.
However, Fogari et al.l! reported that valsartan was more ef-
fective for BP reduction than olmesartan. No systematic re-
views have been undertaken to evaluate the benefit/risk profiles
of olmesartan in comparison with other ARBs.

In order to determine whether olmesartan provides better
efficacy for BP control and fewer adverse events (AEs) over
other ARBs, we undertook this meta-analysis of all relevant
randomized controlled trials (RCTs).

Methods

Searching

Reports of RCTs of olmesartan versus other ARBs were
identified through a systematic search of PubMed (up to
July 2010), EMBASE (1980 to July 2010), SinoMed (up to
July 2010), and the Cochrane Central Register of Controlled
Trials (Cochrane Library Issue 7, 2010). The terms used for
keywords and text word searching included olmesartan, ARB,
losartan, valsartan, irbesartan, candesartan, eprosartan, tel-
misartan, atacand, teveten, avapro, cozaar, benicar, micardis,
and diovan, using Boolean operators and database-specific
syntax. The reference lists of original researches, reviews, letters
to the editor, and case reports were also scanned to identify
those not yet included in the computerized databases. The
search was performed without any language restriction.

Selection

Studies meeting the following selection criteria were included
in this meta-analysis: (i) study design: prospective RCTs;
(i1) population: patients with hypertension, with or without
other diseases such as metabolic syndrome and chronic kidney
disease; (iil) interventions: olmesartan versus other ARBs, used
as monotherapy; (iv) dosing regimens: titration as needed from
a starting dose of monotherapy; forced titration of the therapy;
parallel-group comparisons of various doses as monotherapy;
(v) outcome variables: at least one of either mean seated systolic
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BP (SBP) or diastolic BP (DBP) reduction; mean BP reduction
over 24 hours; therapeutic BP response rates and adverse events
including total adverse event rate, drug-related adverse event
rates, and incidence of headache, dizziness and diarrhea. The
eligibility of a trial to be included in the meta-analysis was
determined by two authors (WL, ZJW) independently. All
work was reviewed by another author (ZZ). Only the data from
the primary series were included if the same group of patients
were involved in different reports in order to avoid duplication.

Validity Assessment

Two authors (WL, ZJW) worked independently, using stan-
dard criteria (the adequacy of randomization, allocation con-
cealment, blinding method, drop-out reports and follow-ups)
to appraise each included article according to an adjusted quality
scoring system based on the Jadad scale.l' The quality scoring
system followed was: (i) adequacy of randomization, coded as
proper with detailed description of randomization (score 2),
randomized but details not reported (score 1), or inappropriate
randomization (score 0); (ii) allocation concealment, coded as
properly used (score 2), unclear (score 1), or not used (score 0);
(iii) blinding method, coded as double-blind (score 2), single-
blind (score 1), or open-label or unclear (score 0); (iv) drop-outs
and follow-ups, coded as data given (score 1) or data not given
(score 0).[11

Data Extraction

Two of the authors (WL, ZJW) abstracted data from the
identified studies independently. Disagreements were resolved
by discussion. The data were extracted from each study with a
predesigned review form including: the authors of the selected
study; the year of publication; the location of the trial; the design
of the study (whether double-blind or single-blind, parallel or
crossover); the duration of the study; the number of subjects;
the patients’ age, sex, baseline SBP and DBP values, end-point
SBP and DBP values, change from baseline in SBP and DBP,
and therapeutic response rate of SBP and DBP. In addition, we
retrieved the number or proportion of adverse events and
withdrawals. Only the data associated with monotherapy were
extracted if the patients received monotherapy followed by
combination therapy if they were reported separately.

Study Characteristics

We attempted to identify and include all RCTs carried out
to assess the effects and tolerance associated with the use of
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olmesartan as compared with other ARBs in hypertensive
patients.

The primary antihypertensive efficacy variables were the
reduction from baseline to end of treatment in clinic DBP and
SBP. A secondary efficacy variable was the therapeutic re-
sponse rate of DBP (DBP <90 mmHg and/or a reduction of
>10mmHg). We assessed the tolerability of olmesartan by
considering the overall incidence of AEs and the drug-related
incidence of AEs. The incidence of three specific AEs including
headache, dizziness, and diarrhea was also evaluated.

We undertook a sensitivity analysis according to the scores
of quality assessment based on the Jadad scale. We reanalyzed
the results after excluding the studies that scored less than 4. In
addition, we conducted additional analyses including only
studies published in English.

Quantitative Data Synthesis

Our meta-analysis was undertaken according to the Quality
of Reporting Meta-analyses (QUOROM) statement.['?] Not all
of the trials reported all the outcomes of interest for our anal-
ysis. Separate meta-analyses including DBP reduction, SBP
reduction, BP response rate and the incidence of total, drug-
related or three specific adverse events were undertaken for
each comparison and outcome. We undertook a chi-squared
(x?) test of heterogeneity and the I? measure of inconsistency to
assess the heterogeneity between trials. The indicators were
calculated with a fixed-effect mode when 12 <50%, indicating no
significant heterogeneity. If the test for heterogeneity showed
12 >50%, the analysis was redone with a random effects model.
For continuous data, we used weighted mean difference
(WMD) as effect size. For dichotomous data, we calculated the
relative risk (RR) for each clinical event.

The data analysis was performed using the meta-analysis
software Review Manager (Revman 5.0.2, Cochrane Collabo-
ration, Oxford, England). When mean BP reduction and its
standard deviation (SD) were not available, we computed them
by using the methods given by the Cochrane handbook.[3] In
addition, we created L’Abbé plots to analyze the degree of BP
reduction with olmesartan in comparison with other ARBs.
The scatter of the individual trials lay predominantly between
the line of equality and the control axis, which suggests efficacy
of olmesartan and other ARBs in BP reduction.

Meta-Regression

Meta-regression using STATA version 10.0 (Stata Corpo-
ration, College Station, TX, USA) was performed to deter-
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mine whether specific characteristics could explain the hetero-
geneity among studies. We made a meta-regression to examine
and test for between-group differences if the heterogeneity (1%)
was more than 75% and more than ten trials were included. Co-
variables included baseline age, sex, duration, study publica-
tion year, and DBP and SBP baseline levels. The p-value for
explanatory variables being statistically significant was set as
0.05.014

Results

Trial Flow

The search strategy generated 171 studies from PubMed,
EMBASE, the Cochrane Library, and SinoMed. From all these
studies, we identified 22 studies that met the inclusion criteria.
The reasons for including the remaining 22 RCTs are listed in
figure 1.

Study Characteristics

One hundred and fifty-one studies were excluded due to
one of the following: inappropriate control group (n=42), in-
appropriate outcomes (n=>50), duplicates (n=16), not RCTs
(n=32), not monotherapy (n=3), self-control design (n=06),
studies with no data on outcome variables (n=2). We obtained
the full text of all the 33 included relevant studies and eval-
uated them in detail. Twenty-two studies met the criteria for
inclusion in this analysis. All the included studies used par-

allel designs. There were 14 double-blind trials,[®-%15-231 two
Potentially relevant studies identified from search strategy (n = 171)
Articles excluded (n = 140)
Citation identified from Inappropriate control group
reference lists (n = 2) o (N=42)
Inappropriate outcomes (n = 50)
Duplicates (n = 16)
Not RCTs (n =32)
A4
Publication retrieved for e
detailed evaluation (n = 33)
Articles excluded (n=11):
Not monotherapy (n = 3)
» Self-control design (n = 6)
Studies with no data on outcome
A4 variables (n = 2)
RCTs included in final

analysis (n = 22)

Fig. 1. Diagrammatic representation showing studies eligible for inclusion in
the meta-analysis. RCT =randomized controlled trial.
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single-blind trials,?*?7 two open-label trials,®?%! and four
trials not mentioning the blinding methods.[?*-32! Seven studies
were multicenter RCTs,[7-8:15-17.20.24.25] one was not clear,?”!
while the others were single-centered.[0:-10:18.19.21-23.26.28-32]
All the trials were described as randomized and only one
triall®” reported the generation of randomization. None men-
tioned allocation concealment. Ten trials!®7-15.19.20.23,26.30-32]
used elective titration of the dose; onel'®! used forced titra-
tion dose and 11 trialsf®%16.17:21.24.25.27-301 y15ed no titration
dose. All the trials reported the follow-up time, ranging
from 2 weeks to 24 weeks, but one trial lasted 12 months.[?!
Of all the studies, olmesartan was compared with losartan in
13 trials and with valsartan in nine trials. Both losartan and
valsartan appeared in three studies.®!7-!8]1 We carried out a
descriptive analysis of candesartan (three trials) or irbesartan
(one trial) as there were insufficient data to undertake a meta-
analysis. Both candesartan and irbesartan appeared in one
trial.l'”! Specific characteristics of each included article are

listed in table 1.

Table I. Characteristics of RCTs included in the meta-analysis

Wang et al.

Dose Regimen

In our meta-analysis, the following doses were included:
olmesartan 20 and and 20—40 mg, losartan 50 and 50—100 mg,
valsartan 80 and 160 mg, candesartan § mg, and irbesartan
150 mg. Evaluated doses were all recommended in US, Japa-
nese, and European product labels. Conlin et al.33! compared
the antihypertensive efficacy of losartan, valsartan, irbesartan,
and candesartan in 2000. In that meta-analysis, the authors
concluded that at recommended doses the four ARBs showed a
near-flat dose response curve that suggested that monotherapy
dose titration offered limited benefit.?3! In our meta-analysis,
we combined fixed dose and dose titration into the same group.

Olmesartan versus Losartan

Efficacy

Twelve trials involving 2133 patients compared olmesartan with
losartan in clinic BP reduction. There was a significant difference
that favored olmesartan in DBP and SBP (DBP: WMD 1.61; 95%

Study and year Design  No. of Mean Sex, n (male/  Study center Duration Diagnosis Quality
patients age,y female) of study grade
Chen et al. 2007131 NC 121 55 70/51 Single-center 8wk Mild-to-moderate hypertension 3
Giles & Oparil 2005!'8! DB-P 617 NC NC Single-center 8wk Mild-to-moderate hypertension 4
Giles et al. 2007 DB-P 598 52 376/222 Multicenter 2wk Essential hypertension 4
He et al. 2008!6! DB-P 128 50 64/64 Single-center 8wk Mild-to-moderate hypertension 5
He et al. 200712¢! SB-P 68 58 32/36 Single-center 8wk Mild-to-moderate hypertension 3
Hu et al. 200908 DB-P 237 50 NC Multicenter 8wk Mild-to-moderate hypertension 4
Jing et al. 2006!"! DB -P 221 53 121/100 Multicenter 8wk Mild-to-moderate hypertension 4
Kong et al. 2008!"°! DB-P 40 56 18/22 Single-center 8wk Mild-to-moderate hypertension 5
Liu 2009[22] DB-P 136 NC NC Single-center 8wk Mild-to-moderate hypertension 4
Oparil et al. 20010171 DB-P 588 52 365/223 Multicenter 8wk Mild-to-moderate hypertension 4
Xi & Tian 2009231 DB -P 60 73 42/18 Single-center 8wk Isolated systolic hypertension 4
Zhang et al. 2006!°] DB -P 40 48 26/14 Single-center 8wk Mild-to-moderate hypertension 4
Destro et al. 2005281 OP-P 114 NC 64/50 Single-center 8wk Mild-to-moderate hypertension 3
Fogari et al. 2006!°! OP-P 130 60 NC Single-center 4wk Mild-to-moderate hypertension 2
Hao et al. 201021 DB-P 54 53 38/16 Single-center 24wk Mild-to-moderate hypertension 4
Li et al. 2008129 NC 80 49 62/18 Single-center 8wk Mild-to-moderate hypertension 3
Li et al. 20091301 NC 90 48 75/15 Single-center 8wk Mild-to-moderate hypertension 3
Zhang et al. 2008[%2! NC 64 55 18/16 Single-center 8wk Mild-to-moderate hypertension 3
Zhu et al. 200620 DB-P 287 54 182/98 Multicenter 8wk Mild-to-moderate hypertension 4
Tsutamoto et al. 2009127] SB-P 50 68 31/19 NC 12mo Essential hypertension 4
Brunner & Arakawa 200624 DB-P 635 52 359/276 Multicenter 8wk Mild-to-moderate hypertension 5
Smith et al. 2005[2%! DB-P 534 52 326/208 Multicenter 8wk Essential hypertension 4

DB-P =double-blind parallel; NC =not clear; OP-P =open-label parallel; RCT =randomized controlled trial; SB-P = single-blind parallel.
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Olmesartan Others Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, random (95% CI) IV, random (95% CI)
1.1.1 olmesartan vs losartan

Chen et al.3"] 13 7.81 61 12 872 60 6.5% 1.00(-1.95, 3.95) —
Giles & Oparill'e] 13.1 10.74 207 9.6 10.74 207 9.0% 3.50 (1.43, 5.57) —e
Giles et al.l®! 102 7.69 199 82 7.71 200 10.9%  2.00(0.49, 3.51) —a

He et al.[1®] 14.3 5.41 64 15 525 64 9.8% -0.70(-2.55,1.15) — e

He et al.[?8] 17.6 5.05 34 16.8 4.57 34 83% 0.80(-1.49, 3.09) —te—

Hu et al.[9] 16 721 107 17 6.08 111 10.0% -1.00(-2.77,0.77) —a

Jing etal.l”] 134 742 112 112 695 109 9.6% 2.20 (0.31, 4.09) —
Kong et al.['9] 122 6.7 19 10.8 7.02 20 4.0% 1.40(-2.91,5.71) —_—
Liu et al.l??] 16.7 5.57 68 14.1 5.61 68 9.6% 2.60 (0.72, 4.48) —a—
Oparil et al.l'”] 115 35 145 82 35 146 13.2% 3.30 (2.50, 4.10) —o—

Xi & Tian(?! 35 6.24 30 2 7.44 30 5.4% 1.50(-1.97,4.97) R S
Zhang et al.l®l 155 6.94 19 134 744 19 37% 210(-2.47,6.67) R
Subtotal (95% CI) 1065 1068 100.0% 1.61 (0.59, 2.62) <@
Heterogeneity: Tau® = 1.86; Chi? = 33.16, df = 11 (p = 0.0005); 1> = 67%

Test for overall effect: Z=3.10 (p = 0.002)

1.1.2 olmesartan vs valsartan

Destro et al.[?8] 143 385 52 16 3.58 55 12.9% -1.70(-3.11, -0.29) —a

Fogari et al.l% 9.9 6.71 57 10.8 6.52 56 10.7% -0.90(-3.34, 1.54) — e

Giles & Oparill'8 131 745 207 11.8 7.45 203 12.9% 1.30(-0.14,2.74) 1=
Giles et al.l®! 102 769 199 79 7.66 197 12.8%  2.30(0.79, 3.81) —a
Hao et al.?"] 11 747 27 13 7 27 7.7% -2.00(-5.86, 1.86) —_—

Li et al.l? 9.6 5.01 39 9.2 531 38 11.0% 0.40(-1.91,2.71) —f—

Li et al.;9 91 54 43 84 56 44 11.0% 0.70(-1.61,3.01) —t—
Oparil et al.l'”] 115 35 145 79 33 142 13.9% 3.60 (2.81, 4.39) o
Zhang et al.l%] 13.3 9.04 34 128 8.45 30 7.0% 0.50(-3.79, 4.79) B
Subtotal (95% CI) 803 792 100.0% 0.65 (-0.93, 2.22) <>
Heterogeneity: Tau® = 4.46; Chi? = 55.68, df = 8 (p < 0.00001); 1> = 86%

Test for overall effect: Z=10.81 (p = 0.42)

-10 -5 0 5 10

Favors others Favors olmesartan

Fig. 2. Diastolic blood pressure reduction with olmesartan compared with losartan or valsartan. Cl=confidence interval; df =degrees of freedom; IV =inverse

variance.

confidence interval [CI] 0.59, 2.62; random effects model, figure 2;
SBP: WMD 3.19; 95% CI 0.46, 5.92; random effects model,
figure 3). There were seven trials!®7-1319-22.26.311 inyolving
860 patients in response rate, and no significant difference was
found between the two arms (RR 1.01; 95% CI 0.95, 1.07).

Tolerability

Ten trials were evaluated for the total incidence of adverse
events with olmesartan compared with losartan. There was no
significant difference between the two groups (RR 0.98; 95% CI
0.83, 1.15; figure 4). There was also no significant difference in
the incidence of drug-related AEs, headache, dizziness, and
diarrhea between the two groups (table II).

Meta-Regression

Twelve trials were involved and the heterogeneity (I%) was
more than 75% in the meta-analysis of SBP reduction between
olmesartan and losartan. We undertook a meta-regression
according to study design to determine whether specific char-
acteristics could explain the heterogeneity. The relative meta-
regression analysis showed that the patients’ age and sex,

Adis © 2012 Springer International Publishing AG. All rights reserved.

duration of the study, number of patients included, publication
year of the studies (table I1I), and BP baseline (figure 5) did not
contribute to the heterogeneity.

Sensitivity Analysis

We reanalyzed the results after excluding the studies that
scored less than 4 (table I). A significant difference that favored
olmesartan still existed in DBP reduction (WMD 1.73; 95% CI
0.58, 2.88; random effects model). However, no significant
difference was found in SBP reduction between the two arms
(WMD 2.83; 95% CI -0.23, 5.89; random effects model). We
also reanalyzed the results after the exclusion of non-English
studies. A significant difference that favored olmesartan was found
in both DBP and SBP reduction (DBP: WMD 3.06; 95% CI 2.39,
3.74; SBP: WMD 3.66; 95% CI 2.22, 5.09; fixed-effect model).

Olmesartan versus Valsartan

Efficacy
Nine trials involving 1595 patients compared olmesartan
with valsartan in clinic BP reduction. There was a significant

Am J Cardiovasc Drugs 2012; 12 (5)
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difference that favored olmesartan in SBP (WMD 1.72; 95%
CI 0.29, 3.16; random effects model, figure 3). However, no
significant difference was found in DBP reduction between the
two arms (WMD 0.65; 95% CI —0.93, 2.22; random effects

model, figure 2). There were three trials!®2%3% involving 228 pa-
tients in response rate, and no significant difference was found

between the two arms (RR 1.02; 95% CI 0.92, 1.13).

Tolerability

Six trials evaluated the total incidence of adverse events of
olmesartan compared with valsartan. There was no significant
difference between the two groups (RR 0.86;95% C10.74, 1.01;
figure 4). There was also no significant difference in the in-
cidence of drug-related AEs, headache, dizziness, and diarrhea
between the two groups (table II).

Sensitivity Analysis

We reanalyzed the results after excluding the studies with
low scores (<4) according to table I. A significant difference that
favored olmesartan was found in SBP reduction (WMD 2.53;

Olmesartan Others

Wang et al.

95% CI 1.15, 3.90; fixed-effect model). We also found a sig-
nificant difference that favored olmesartan in DBP reduction
(WMD 1.92; 95% CI 0.24, 3.59; random effects model). In
addition, we reanalyzed the results after the exclusion of non-
English studies. There was still a significant difference that fa-
vored olmesartan in SBP reduction (WMD 2.37; 95% CI 1.02,
3.73; fixed-effect model). No significant difference was found
in DBP reduction (WMD 1.01; 95% CI -1.14, 3.16; random
effects model).

Olmesartan versus Candesartan or Irbesartan

There was no significant difference in BP change between
olmesartan and candesartan.’’l Olmesartan was superior to
candesartan in mean BP reduction over 24 hours.?¥ In addi-
tion, olmesartan demonstrated greater reductions in both DBP
and SBP during the last 4 and 2 hours of the dosing interval.[?4!
Olmesartan produced a greater reduction in DBP, and a nu-
merically greater but not statistically different SBP change
was found in comparison with irbesartan.l'”! Moreover, the

Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, random (95% CI) IV, random (95% CI)
1.1.1 olmesartan vs losartan
Chen et al.B1] 23 12.77 61 15 1311 60 7.8%  8.00(3.39, 12.61) —
Giles & Oparill'®! 151 1259 207 11 1259 207 9.3% 4.10 (1.67, 6.53) —_—
Giles et al.l®] 12.9 1154 199 85 1157 200 9.4% 4.40 (2.13, 6.67) —
He et al.[16] 18 9.09 64 21 641 64 9.1% -3.00(-5.73,-0.27) [ —
He et al.l28] 243 957 34 221 101 34 7.7% 2.20(-2.48,6.88) | .
Hu et al.[19] 15 11.53 107 20 1153 111  8.9% -5.00(-8.06,-1.94) ———n
Jing et al.l"] 17.2 12.67 112 11 1285 109 8.7% 6.20 (2.83, 9.57) —_—
Kong et al.[19 13.9 13 19 13.95 1041 20 5.8% -0.05(-7.47,7.37)
Liu et al.l??] 3255 626 68 2205 85 68 9.2% 10.50(7.99, 13.01) —
Oparil et al.l'7] 11.3 133 145 95 119 146 9.0% 1.80(-1.10,4.70) i S
Xi & Tian(23! 21.8 6.14 30 1748 6.19 30 89% 4.32 (1.20, 7.44) — -
Zhang et al.[f] 17.4 1056 19 131 1079 19 6.2% 4.30(-2.49, 11.09) >
Subtotal (95% CI) 1065 1068 100.0% 3.19 (0.46, 5.92) .
Heterogeneity: Tau? = 19.38; Chi? = 91.06, df = 11 (p < 0.00001); I = 88%
Test for overall effect: Z=2.29 (p = 0.02)
1.1.2 olmesartan vs valsartan
Destro et al.[28] 17 147 52 193 17 55 51% -2.30(-8.31,371) ———e—f——
Fogari et al.l¥ 17.7 157 57 206 179 56 4.8% —2.90(-9.11,3.31)
Giles & Oparil'8! 151 12.05 207 12.8 12.05 203 21.1%  2.30(-0.03, 4.63) -
Giles et al.l®] 142 11.54 199 10.7 11.48 197 21.8% 3.50 (1.28, 5.77) —
Hao et al.l?] 10 9.84 27 13 1029 27 6.2% -3.00(-8.37,237) ——=—1 —
Li et al.l29] 16.4 10.85 39 156 11.35 38 7.1%  0.80(-4.16,5.76) R I
Li et al.l3% 16.2 10.15 43 152 11.06 44 85%  1.00(-3.46, 5.46) RN
Oparil et al.['7] 11.3 133 145 84 121 142 159%  2.90(-0.04,5.84) I
Zhang et al.l%?] 237 773 34 204 914 30 95%  3.30(-0.88,7.48) e —
Subtotal (95% Cl) 803 792 100.0% 1.72 (0.29, 3.16) > =
Heterogeneity: Tau? = 1.12; Chi? = 10.58, df = 8 (p = 0.23); I> = 24%
Test for overall effect: Z=2.35 (p = 0.02)
-10 -5 0 5 10

Favors others  Favors olmesartan

Fig. 3. Systolic blood pressure reduction with olmesartan compared with losartan or valsartan. Cl=confidence interval; df =degrees of freedom; IV =inverse

variance.
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Study or subgroup

Olmesartan
Total Events Total Weight

Events

Others

341

Risk ratio
M-H, fixed (95% CI)

Risk ratio
M-H, fixed (95% CI)

1.1.1 olmesartan vs losartan

Chen et al.lB1 3 60 5 61 2.7%
Giles et al.lf] 107 207 103 207 56.1%
He et al.l'®] 2 64 3 64 1.6%
He et al.l20] 1 34 1 34  05%
Hu et al.l'9] 9 118 7 119 3.8%
Jing et al.l? 4 12 6 109  3.3%
Liu et al.22 3 68 3 68 16%
Opoaril et al.l'”) a5 147 48 150 25.9%
Zhang et al.l¥ 1 20 o 20 1.1%
Zhu et al. 2] 4 3 ;45 33%
Subtotal (95% ClI) 865 877 100.0%
Total events 179 185

Heterogeneity: Chi® = 2.34, df = 9 (p = 0.98); 1> = 0%
Test for overall effect: Z=0.25 (p = 0.81)

1.1.2 olmesartan vs valsartan

Giles et al.l®l 107 207 110 203 60.5%
Hao et al.l2!] 2 27 2 27 11%
Li et al.l?9 1 40 2 40 1.1%
Li et al.le0l 2 43 1 44  05%
Oparil et al.l"”] 45 147 65 145 35.6%
Zhang et al.l®? 3 34 5 30 1.2%
Subtotal (95% ClI) 498 489 100.0%
Total events 160 182

Heterogeneity: Chi = 4.43, df =5 (p = 0.49); 12 = 0%
Test for overall effect: Z=1.84 (p = 0.07)
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Fig. 4. Total incidence of adverse events with olmesartan compared with losartan or valsartan. Cl=confidence interval; df=degrees of freedom;

MH = Mantel-Haenzel.

magnitude of BP lowering with olmesartan was numerically
greater than that with irbesartan over 24 hours without sta-
tistical significance.l'”>3] No significant difference in total ad-
verse events was found between olmesartan and candesartan?4
or irbesartan.[17-23]

L’Abbé Plots

Of all the studies, the detailed efficacy of DBP and SBP
reduction between olmesartan and other ARBs (losartan, val-
sartan, candesartan, irbesartan) was presented in L’Abbé plots
(figure 6). Seventy-seven percent of trials (17 of 22) lay under
the line of equality in DBP reduction analysis. Seventy-three
percent of trials (11 of 15) lay under the line of equality in SBP

reduction analysis. Therefore, olmesartan was shown to pro-
vide better efficacy compared with other ARBs.

Discussion

Our meta-analysis examined the efficacy and tolerability of
olmesartan, losartan, valsartan, candesartan, and irbesartan
when administered at their recommended doses. Findings from
this meta-analysis of 22 RCTs revealed that olmesartan pro-
vided superior BP-lowering efficacy compared with other
ARBs. The evidence was sufficient to determine the better
efficacy in SBP reduction when olmesartan was compared with
losartan or valsartan. Available data indicated that olmesartan

Table Il. All-cause and drug-related adverse events, headache, dizziness, and diarrhea with olmesartan vs losartan and valsartan

Interventions Adverse events (all-cause) Adverse events (drug-related) Headache Dizziness Diarrhea

RR 95% ClI RR 95% ClI RR 95% ClI RR 95% ClI RR 95% ClI
Olmesartan vs losartan 0.98 0.83, 1.15 0.92 0.62, 1.36 1.07 066,174 116 056,238 1.51 0.54,4.18
Olmesartan vs valsartan ~ 0.86 0.74, 1.01 0.96 0.65, 1.43 1.35 082,224 138 0.62,3.05 0.60 0.25,1.43

Cl=confidence interval; RR=relative risk.

Adis © 2012 Springer International Publishing AG. All rights reserved.
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Table Ill. Meta-regression analysis by study characteristics

No.

Characteristic p-Value

0.936

Mean age, y
<55
>55

Sex (m/f)

<1

0.434

>1
Number

<100

>100

0.65

Duration, wk 0.051
8 10
<8 1

Study year 0.621

<2005 10

>2005 1

was more effective than losartan but as effective as valsartan in
DBP reduction. ARBs are well known for having a placebo-like
tolerability profile at all recommended dosages.[*¥ Olmesartan
did not differ from losartan or valsartan with regard to the total
incidence of adverse events. As indicated by the L’Abbé plots,
most trials showed that olmesartan provided better efficacy
compared with other ARBs (losartan, valsartan, candesartan,
and irbesartan) in BP reduction. These effects can be partially
explained by the substantially longer half-life of olmesartan
than that of losartan or valsartan, since a longer half-life is
associated with a longer duration of action.l!”]

RAAS is an important mediator in the pathophysiology of
hypertension. The excessive activity in the RAAS plays a key role

101 Giles 2007
a Zhang 2006
2 N
2 5 Liu 2009Kong 2008

@)Hu 2009
S (o 07
S Xi 2009 OHe 2007
e)
o Oparil 2001
a 01 °
m
* Jing 2006
He 2008
-5 Q
T T T T T
70 80 90 100 110

Baseline DBP level (mmHg)

Wang et al.

in target end-organ damage, such as congestive heart fail-
ure, myocardial infarction, coronary artery disease, and end-
stage renal disease.l’! Although there are other angiotensin pep-
tides with biologic effects, angiotensin II is the major end-product
of the system.’>! ARBs including olmesartan block the RAAS
through the angiotensin (AT), receptor, effectively inhibiting the
vasoconstrictor and aldosterone-secreting effects of angiotensin
1.1 Nevertheless, it is still unclear which ARB is preferred in
clinical use.l*®! It is necessary to determine which ARB is the best
agent with a better efficacy for BP control and smaller incidence
of adverse events. We undertook this meta-analysis to evaluate
the efficacy and tolerability of olmesartan compared with other
ARBs. However, we did not include eprosartan or telmisartan in
the analyses due to a lack of RCTs with appropriate outcomes.

Previously, one review had evaluated the available literature
qualitatively to determine whether all ARBs have equivalent
efficacy and tolerability in the treatment of hypertensive pa-
tients.’] Olmesartan provided better antihypertensive efficacy
than losartan, valsartan, candesartan, and irbesartan in that
review. Several RCTs have also evaluated the antihypertensive
efficacy of olmesartan compared with other ARBs. However,
our meta-analysis, which combines data across studies to make
a quantitative evaluation, had more robust evidence for sup-
porting that conclusion. A previous meta-analysis that compared
valsartan with other ARBs in the treatment of hypertension!3”)
reported that valsartan and olmesartan demonstrated compa-
rable efficacy across dosing ranges. However, five more RCTs
were included in our meta-analysis for a total of 803 patients.
Our results showed that olmesartan provided better anti-
hypertensive efficacy in SBP reduction.

Our meta-analysis is the first to focus on the superiority
of olmesartan over other ARBs with regard to efficacy and

10 4 (OGiles 2007
o Zhang 2006
= O
2 5 Liu 2009 OKong 2008 chen 2007
s
2 Hu 2009 oHe2007  Xi2009
?3, O
E 0. oOparil 2001
®
Jing 2006
O
He 2008
54 _0O i " T T T
140 145 150 155 160 165

Baseline SBP level (mmHg)

Fig. 5. Meta-regression plots of systolic blood pressure (SBP) reduction differences vs baseline blood pressure (BP) level. Circles represent the estimate
from each study, sized according to the precision of each estimate. Fitted dashed lines represent the summary meta-regressions for SBP reduction outcome.
The relationship showed no statistical significance for either SBP (p=0.571) or diastolic BP (DBP) [p=0.444]. See table | for reference citations.

WMD =weighted mean difference.
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Olmesartan vs other sartans in DBP reduction
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Fig. 6. Olmesartan vs other sartans in diastolic blood pressure (DBP) and systolic blood pressure (SBP) reduction. For references see table I.

tolerability. We used a wide range of clinically relevant vari-
ables to evaluate the efficacy and tolerability of its BP reduc-
tion. In addition, we undertook L’Abbé plots to evaluate the
efficacy visually. For the factors that could potentially influ-
ence the results and generate heterogeneity such as patients’ age
and sex, duration of study, number of patients, and baseline BP,
we performed a meta-regression to examine whether these
specific baseline characteristics could explain the heterogeneity
among studies.

Our meta-analysis also has some limitations. Due to the lack
of head-to-head RCTs, it was difficult to perform a meta-
analysis to evaluate the efficacy and tolerability of olmesartan
compared with irbesartan or candesartan. Only a small number
of RCTs had investigated the ability of ARBs to control
24-hour BP, therefore we could not undertake a meta-analysis
of 24-hour BP lowering, especially early morning change, which
has been shown to be associated with increased rates of
cardiovascular events.[*>! The quality of the studies also varied.
Some of the included studies were poorly reported, with seven
trials scoring less than 4 on the adjusted Jadad score system.
Dose regimens also varied.

Pragmatic well-designed RCTs for future research are re-
quired. Specifically, further well-designed RCTs should include
larger sample sizes and focus on more secondary endpoints
such as 24-hour BP control, cardiac-cerebrovascular events,
and adverse events. In particular, it seems important to deter-
mine how well olmesartan works in patients who fail to respond
adequately to other sartans, and whether olmesartan is asso-
ciated with the long-term reduction of cardiovascular disease
morbidity and mortality. More studies should be conducted to
determine the differences between olmesartan and other ARBs
besides losartan or valsartan.

Adis © 2012 Springer International Publishing AG. All rights reserved.

Conclusion

Olmesartan provides better antihypertensive efficacy in com-
parison with losartan and valsartan. With regard to the in-
cidence of adverse events, olmesartan shows similar tolerability
compared with other ARBs (losartan, valsartan, candesartan,
and irbesartan). Therefore, olmesartan is a suitable treatment
choice for controlling high BP.
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